The sensitivity of the baroreceptor reflex in nine patients with borderline hypertension (mean age 19.1 + 0.2 years) was compared to that in six normal subjects of comparable age (mean 18.8 ± 0.3 years) and that in 14 patients with established hypertension (mean age 48.3 ± 3.1 years). The sensitivity of the baroreceptor reflex was assessed by determining the slope of the regression line relating the rise of systolic pressure to the prolongation of the R-R interval during the transient rise of arterial pressure induced by an intravenous injection of phenylephrine. The average baroreceptor slope in nine patients with borderline hypertension was 9.1 ± 0.8 msec/mm Hg, which was significantly less than that in six normal subjects (16.0 ± 2.0; P < 0.01), but was greater than that in 14 patients with established hypertension (4.9 ± 0.7; P < 0.01). The significant negative correlation was found as the baroreceptor slope was related to the mean arterial pressure in patients with borderline hypertension and normal subjects, all of whom were 20 years old or less. Attenuation of the baroreceptor sensitivity may influence the maintenance of raised arterial pressure in borderline hypertension.
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Additional Indexing Words
Pulse interval Phenylephrine Essential hypertension BORDERLINE HYPERTENSION is characterized as an abnormal relationship between cardiac output and peripheral resistance, resulting in elevated blood pressure.1 Peripheral resistance is consistently higher in patients with borderline hypertension than in control subjects with comparable levels of cardiac output.' The structural changes of the arteries in young patients with only mild elevation of blood pressure do not explain why this abnormal relationship exists. It is more likely that an abnormal regulatory mechanism impairs the usual adjustment to an increased cardiac output lowering of the systemic resistance, thereby maintaining a normal blood pressure. 2 Although dysfunction of the baroreceptor reflex has been described in established hypertension in man3 4 as well as in chronic hypertension in experimental animals,5-' there has been little study of the baroreceptor function in patients with borderline hypertension.4 In the present study the sensitivity of the baroreceptor reflex in borderline hypertension is compared to that in age-matched controls and that in older patients with established hypertension. Attenuation of the baroreceptor sensitivity in borderline hypertension is demonstrated.
Material and Methods The study was undertaken on 29 subjects. They were divided into three groups. Group A included nine patients with borderline hypertension. All patients but one were sent from the siudent clinic of the university for an evaluation of high blood pressure which was found on a routine student physical examination. These students were selected on the basis of blood pressure readings higher than 150 mm Hg systolic or 90 mm Hg diastolic at least three times out of five checks on five successive days. All patients were asymptomatic. Their age was 19.1 ± 0.2 (mean ± SEM) years old.
Group B was composed of 14 patients with established hypertension. Their age ranged from 32 to 68 years old (mean age 48.1 ± 2.8). All of them had the history of hypertension for at least a few years and their diastolic blood pressures were consistently higher than 95 mm Hg at the outpatient clinic, although some of them showed a reduction of blood pressure after admission without drug treatment. Most of them had evidence of cardiovascular diseases on the fundoscopic examination, ECG, or chest X-ray. No patient had symptoms or signs of congestive heart failure. All medications including antihypertensive drugs were discontinued at least two weeks prior to the study.
Secondary hypertension was ruled out on all patients in groups A and B. The studies undertaken on these patients included complete blood counts, urinalysis, urine culture, serum and urine electrolytes, intravenous pyelography, creatinine clearance, plasma renin activity at rest and after one hour of upright posture, and 24 hours urine for VMA, 17KS and 170HCS, and aldosterone.
Six normal volunteer students of comparable ages were included as controls (group C). Circulation, Volume 51, April 1975 The patients were studied in the supine position without sedation in the postabsorptive state, three to ten days after admission on patients in groups A and B, and as an outpatient in group C. The study was explained to the patients and informed consent was obtained from all participants. Brachial artery pressure was recorded via an intra-arterial cannula connected to a Statham transducer. Arterial pressure and ECGs were recorded simultaneously on a multichannel oscillographic recorder at a paper speed of 50 mm/sec. A second cannula was inserted in an antecubital vein, through which repeated bolus injections of phenylephrine were given. Usually 50 to 200,g were given to raise the pressure by 20 to 40 mm Hg.
The sensitivity of the baroreceptor reflex was calculated by plotting the R-R interval of each beat against the systolic pressure of the preceding beat, using the technique of Smyth, Sleight, and Pickering.8 Plotting was started at the end of injection and proceeded to the peak systolic pressure. No plotting was made during inspiration in order to reduce the effect of sinus arrhythmia. These points were then analyzed for linear correlation. The reflex sensitivity was expressed as the slope of the regression line. The slope was used for further comparisons only if the r value (correlation coefficient) was more than 0.65.
Systolic blood pressure was chosen as the pressure measurement in the present study. It has been shown previously that no significant difference in reflex sensitivity is present between calculations using systolic blood pressure and those using mean blood pressure.4 All patients remained in sinus rhythm throughout the study. Since P-R intervals did not change with a rise of blood pressure, R-R intervals were used to define sinoatrial automaticity. to that obtained by Eckberg and coworkers.9 In patients with borderline hypertension the slope of baroreceptor sensitivity was 9.1 0.8 msec per mm Hg as was 4.9 0.7 msec per mm Hg in patients with established hypertension. Thus the baroreceptor slope in patients with borderline hypertension was significantly less than that of age-matched control (P < 0.01), but greater than that of established hypertension (P < 0.01). Phenylephrine doses, the rate of pressure rise, and the magnitude of pressure rise were similar in all three groups.
When the baroreceptor slope of each subject was plotted against the mean blood pressure (fig. 2 ), a linear negative correlation was obtained, demonstrating the progressive decrease in sensitivity with increasing pressure reported by Bristow, Gribbin and their coworkers.3 , This significant negative correlation was obtained not only when the comparison was made in all subjects (r = -0.861) but also in patients of only groups A and C, all of whom were 20 years old or less (r = -0.854).
Discussion
The results of this study indicate that borderline hypertension in young patients is, like established hypertension, associated with reduced responsiveness of the baroreceptor reflex to a transient rise of blood
Results
Resting heart rate and blood pressure, and the slope of a regression line for each patient, derived by plotting the R-R interval against the preceding systolic pressure during drug-induced acute hypertension, are summarized in table 1. Averaged slopes of baroreceptor sensitivity in each group are shown in figure 1 .
Average resting heart rate in patients with borderline hypertension (group A) was 75.3 + 3.7 (mean ± SEM) beats per minute, which was not significantly different from those in control subjects (group C), 65.8 ± 4.2 beats per minute, or in patients with established hypertension (group B), 71.0 ± 3.3 beats per minute. Patients with borderline hypertension had an average systolic blood pressure of 160.3 + 3.5 mm Hg and diastolic 82.4 4.3 mm Hg. These were significantly higher than those of control subjects, who had an average systolic pressure of 122.0 ± 3.9 mm Hg and diastolic 70.0 ± 4.5 mm Hg (P < 0.01), but lower than those of patients with established hypertension, whose avearage systolic pressure was 177.2 + 5.0 mm Hg and diastolic 99.8 ± 2.5 mm Hg (P < 0.05 for systolic pressure and P < 0.01 for diastolic pressure).
The average prolongation of R-R interval during phenylephrine-induced hypertension was 16.0 ± 2.0 msec per mm Hg in normal subjects, which is similar Circulation, Volume 51, April 1975 The method employed in this study has been devised by Smyth, Bristow, and coworkers for evaluating the sensitivity of the baroreceptor reflex.3 8 Using this technique these investigators have shown the attenuation of baroreceptor sensitivity during anesthesia and exercise.8'12 Patients with established hypertension, and dogs with myocardial hypertrophy and cardiac failure, have also been shown to have marked disturbance of the baroreceptor reflex.3 4, 13 Hypercapnia has been shown to produce a resetting of the threshold in man without a change of the sensitivity of the reflex. 14 Since it has been reported that age can affect the baroreceptor sensitivity,4 normal subjects at ages comparable to those of patients with borderline hypertension were chosen as control in the present study. All studies were performed with the patient awake and in resting recumbent position. No patient with borderline hypertension had evidence of myocardial hypertrophy or failure on the clinical, electrocardiographic, or radiological examination. Thus it is unlikely that the difference in the baroreceptor senstivity that we have observed between control subjects and patients with borderline hypertension is due to the disparity in age, the level of physical activity, or the presence or absence of heart disease. Although resting Correlation of the slope of baroreceptor sensitivity and the resting mean arterial pressure of each subject. Open circles, closed circles, and triangles represent normal subjects, patients with borderline hypertension, and those with established hypertension, respectively. The solid line is the regression line of mean arterial pressure on the baroreceptor slope when correlation is examined in all subjects (r =-0.861), and the broken one the regression line in patients with borderline hypertension and normal subjects, all of whom are 20 years old or less (r =-0.854).
heart rates were slightly higher in patients with borderline hypertension than in controls, this difference was not statistically significant. In fact, it has been shown that with higher initial heart rates the magnitude of reflex slowing is actually increased.6' 5 The responsiveness of baroreceptors to change in blood pressure follows a straight line closely over a wide range of pressures but the slope levels off at the highest and lowest pressures.'6 Thus one might question whether the reduced responsiveness of the baroreceptor reflex, observed in patients with borderline hypertension, indicates an actual change in sensitivity or an expected attenuation of the slope at higher initial pressures. However, when an acute, moderate rise in blood pressure is induced in man by hypercapnia, the sensitivity of the baroreceptor reflex is not significantly diminished.14 In addition, a fall in mean arterial pressure of about 10% during sleep is not accompanied by the consistent increase in the sensitivity of the baroreceptor reflex. '7 An altered function of the baroreceptors has been shown repeatedly in chronic hypertension in experimental animals. 5-7' 18,19 Since these changes lag behind the rise in pressure20 and are directly related to the length of time that the animal has been hyperten-Circulation, Volume 51, April 1975 sive,'9 it is considered that this alteration of the baroreceptor reflex is likely caused by chronic elevation of blood pressure itself. The demonstration by Angell-James that less distensible aortas of the atherosclerotic rabbits are associated with less sensitive baroreceptors supports the hypothesis that this attenuation of baroreceptor sensitivity is caused by the increased stiffness of the hypertensive arteries in which baroreceptors lie.2' The stiffness has a splinting action and protects receptors from the stretch normally caused by the rise of arterial pressure, and therefore baroreceptors will respond to a given pressure rise with a reduced afferent nerve activity.
The underlying mechanism of reduced sensitivity of the baroreceptor reflex in man with hypertension is not known, but in established hypertension the stiffness of the arteries is thought to be responsible.4 This hypothesis appears to be supported by the findings that increasing age and sclerotic arteries of Takayasu's disease (aortic arch syndrome) are associated with the reduction of baroreceptor sensitivity.4' 22 While it is not known whether distensibility of the arteries is already reduced in young patients with borderline hypertension, the presence of advanced medial hypertrophy or degenerative changes of the arteries appears to be unlikely in such patients at 20 years old or less with only mild hypertension.
Another possible mechanism for this reduced baroreceptor response in borderline hypertension might be in the central nervous system. Recent studies have shown that central autonomic interaction can modulate the baroreceptor reflex23-25 and the attenuation of baroreceptor sensitivity in states of heightened sympathetic activity such as during exercise", 12, 13, 26 and heart failure13' 27 iS considered likely to be due to this association. Since increased sympathetic activity is strongly suggested in patients with borderline hypertension,28 this mechanism may be contributing to the attenuation of baroreceptor reflex in this group of patients.
Disorders may also exist in the afferent or efferent side of the reflex arc. On the afferent side of the reflex arc, degenerative changes in the baroreceptors have been reported in patients with hypertension.29 But these changes are related to degeneration of all arterial elements29 and therefore it appears unlikely that these changes have caused the dysfunction of baroreceptors in patients with borderline hypertension. A few studies have suggested that the sympathetic innervation to the baroreceptors may modulate baroreceptor activity.30' 3' However it is not known how significant this mechanism is in regulating the reflex sensitivity in man.
On the efferent side of the reflex arc, a decrease of parasympathetic tone to the heart, which may be present in borderline hypertension in young persons,28 may cause attenuation of the reflex bradyeardia in response to drug-induced hypertension, similar to the process demonstrated by Eckberg and coworkers in patients with heart disease. 27 The question of what role this dysfunction of the baroreceptor reflex plays in the genesis or maintenance of elevated blood pressure in borderline hypertension remains. In this regard, it is interesting to know that a change in cardiac output in normal dogs results in a secondary, directionally opposite change in resistance, maintaining the arterial pressure at a constant level, while in dogs with the denervated baroreceptors an increase of cardiac output or resistance fails to be regulated and causes proportional increase in the arterial pressure.2 If borderline hypertension is indeed the condition of abnormal relationship between cardiac output and resistance,' the faulty regulatory mechanism of the baroreceptor reflex, as was observed in the present study, may be partly responsible. It is conceivable that the dysfunction of the baroreceptor reflex, may be contributing to the maintenance of elevated blood pressure in borderline hypertension.
